Objectives. We sought to analyze early and late mortality after coronary artery bypass graft surgery (CABG) in relation to gender.
A higher early mortality rate in women than in men after coronary artery bypass graft surgery (CABG) has been observed by several investigators (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . A number of factors have been suggested to explain the higher early mortality rate among women, such as older age at surgery, smaller body size, later referral to surgery in the course of the disease, more severe preoperative angina, a higher incidence of obesity, diabetes mellitus, hypertension, congestive heart failure and renal dysfunction (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Women may be less likely to receive arterial grafts, and because their vessels are smaller, incomplete revascularization may occur more often in women than in men (1, 9) . In addition, postoperative complications such as perioperative myocardial infarction and neurologic dysfunction may be more frequent than in men (1, 9) . Differences between men and women regarding long-term prognosis after CABG have been studied less extensively. A similar long-term prognosis in men and women after CABG has been reported in a number of studies (1, 5, 9, 11, 12) , but this needs further clarification. The aim of this study was to compare early and late mortality in men and women after CABG and to analyze possible causes of the observed differences.
Methods
Patient group. All subjects who underwent primary isolated CABG because of angina pectoris in Stockholm from 1980 to 1989 were followed with regard to mortality from the time of surgery until the end of 1990. The study comprised a total of 3,933 patients, 3,326 (85%) of whom were men and 607 (15%) were women. Most operations were performed at the Karolinska Hospital, but 611 operations were done at another hospital (Sophiahemmet) by the same operating staff.
Patient characteristics. Patient characteristics and operation variables were retrieved from medical records and computer files in the Department of Thoracic Surgery, Karolinska Hospital. Medical records were available for all but 16 patients (Ͼ99%). The collected information described body height and weight, a history of acute myocardial infarction and stroke, diabetes mellitus, smoking habits, hyperlipidemia, treatment for hypertension, intermittent claudication, number of obstructed coronary arteries, left ventricular function, number of anastomoses at surgery and use of an internal mammary graft.
Body surface area was calculated from height and weight (13) . Smoking status at the time of the operation was classified as current, former and never smokers. In many subjects, however, the distinction between a former smoker and a never smoker could not be easily made. Therefore, in the analyses we separated current smokers at the time of surgery from current nonsmokers. A history of previous myocardial infarction or stroke, diabetes mellitus, hypertension and intermittent claudication were recorded as stated in the medical record. A significant coronary obstruction was defined as Ͼ50% reduction of the lumen diameter. Patients with significant stenosis of the left main coronary artery were considered separately from those with one-, two-or three-vessel disease. The right and left anterior descending and circumflex coronary arteries, respectively, including their branches, were considered as one vessel each, whatever the number of obstructed side branches. On the basis of the angiographic findings, left ventricular function was classified as good, moderately impaired or severely impaired. Left ventricular function was classified as good if the ventricle was small with normal systolic function. In the presence of any systolic segmental wall motion abnormalities, ventricular function was classified as moderately impaired, and if there was an increased end-diastolic volume with akinetic or aneurysmal wall segments, it was classified as severely impaired.
Operative technique. The operations were performed by means of a median sternotomy with the aid of cardiopulmonary bypass hemodilution (hematocrit 20% to 30%) and moderate hypothermia (25 to 32ЊC). In 1988, membrane oxygenators completely replaced previously used disposable bubble oxygenators. Myocardial protection was achieved by hypothermic, hypercalemic crystalloid cardioplegia. The distal anastomoses were constructed with a continuous running 7-0 polypropylene suture, and the proximal veins were then anastomosed to the partially clamped ascending aorta, while reperfusing the heart and rewarming the patient. Postoperative antiplatelet therapy, consisting of 160 to 250 mg of acetylsalicylic acid, was routinely used from 1983 on.
Statistical methods. Information on deaths was obtained from the National Cause of Death Register. Early mortality was defined as death within 30 days of the operation. The relative risk of death within 30 days for women compared with men was estimated by logistic regression (14) . Survival over a 5-year period after operation was evaluated by life-table methods and by proportional hazards regression (15) . The analyses of late mortality were carried out for subjects surviving 30 days after the operation. As a rule, the estimates were calculated together with the 95% confidence interval. In the multivariate analyses, the patients were subclassified into the age groups Ͻ49, 50 -59, 60 -69 and Ն70 years. Body surface area was categorized into the groups Յ1.7 m 2 and Ͼ1.7 m 2 ; left ventricular function into good function and moderate to severe dysfunction; and number of diseased vessels into the categories of two or less and at least three involved vessels or left main coronary artery disease. Diabetes, hypertension and previous myocardial infarction were treated as dichotomous variables (yes or no). (Table 1) . Although a higher proportion of men had operations involving three or more anastomoses, the proportions of patients with internal mammary grafts were similar in men and women. There were no gender differences in the proportion of current smokers or of symptoms from intermittent claudication.
Results
Causes of death. In all, there were 322 deaths within 5 years after operation, of which 264 occurred among men and 58 among women (Table 2 ). Approximately three of four deaths were due to cardiac disease (International Classification of Diseases Revision 8 or 9, code 410 -414) and of these, more than half were caused by acute myocardial infarction.
Early mortality. The overall early mortality rate was 3.0% in women and 1.7% in men. Accordingly, the crude relative risk was 1.8 (95% CI 1.0 to 3.0) in women compared with men (Table 3 ). When the influence of age was considered, the corresponding relative risk was somewhat lower, and when body surface area together with age was entered in the model, the relative risk was 1.0. This result was not altered by taking into account left ventricular function, diabetes mellitus, hypertension and previous myocardial infarction in the model. Other variables, including body mass index, were also entered into the regression analyses, without substantially changing the point estimate (not shown in Table 3 ). Consideration of height alone did not reduce the relative risk for women compared with men to the same extent as body surface area.
There were no marked gender differences in early mortality among patients with similar body surface areas. In patients with a body surface area Յ1.7 m 2 , the early mortality rate in women was 4.4% compared with 3.4% in men, corresponding to a relative risk for women of 1.3 (95% CI 0.5 to 3.5). In patients with a body surface area Ͼ1.7 m 2 , the early mortality rate in women was 1.4% and in men 1.5%, and the relative risk was 0.9 (95% CI 0.3 to 2.6). The influence of body size on early mortality, irrespective of gender, was examined by comparing patients with a body surface area Յ1.7 m 2 to those with a body surface area Ͼ1.7 m 2 . The early mortality rates were 4%, and 1.5%, respectively. The age-adjusted relative risk for patients with a body surface area Յ1.7 m 2 , compared with patients with a larger body surface area, was 1.9 (95% CI 0.8 to 4.6) in men and 3.2 (95% CI 1.0 to 9.9) in women.
Late mortality. In patients surviving 30 days after surgery, mortality was similar in men and women over a 5-year period (Fig. 1) . Among men, 1.8% of the early survivors died during the first year after surgery, and among women, this proportion was 2.2%. After 5 years ϳ6% of both groups had died. The crude relative risk of mortality 1 and 5 years after surgery in women versus men was 1.2 (95% CI 0.7 to 2.2) and 1.1 (95% CI 0.8 to 1.5), respectively (Table 4) . Adjustment for age did not substantially alter these estimates. However, the inclusion of left ventricular function in the regression model increased the point estimate of the relative risk for women compared with men, with regard to the 1-year mortality, to 1.4 (95% CI 0.8 to 2.6), and with regard to the 5-year mortality, to 1.2 (95% CI 0.8 to 1.7). These estimates were not changed by including diabetes mellitus, number of diseased vessels and previous myocardial infarction in the model.
Separate analyses of patients with moderate or severe left ventricular dysfunction suggested a higher 1-year mortality rate in women (4.8%) than in men (2.5%). The age-adjusted relative risk was 1.8 (95% CI 0.9 to 3.8). No corresponding increase was seen in women with good left ventricular function.
Discussion
The results of the present study indicated a higher early mortality in women than in men after isolated CABG. However, this increase was largely explained by differences in age and body surface area. Only small differences in late mortality were found between men and women surviving the first 30 days after surgery.
The study comprised a complete series of patients under- (12) 5 (9) 38 (12) going isolated CABG in Stockholm during the period 1980 to 1989. The indications for myocardial revascularization were wider during the later years of the period, with more elderly patients and a higher proportion of patients with triple-vessel disease. However, the indications for surgery were similar for men and women throughout the period.
Methodologic considerations.
There is essentially no loss of deaths in the National Cause of Death Register (16) , and it is likely that all deaths occurring among the patients during the follow-up period were identified. Medical records were found for Ͼ99% of the patients, and information on all variables used in this study were available for at least 90% of the patients. However, some of the variables obtained from medical records may have been misclassified. Body surface area was computed from height and weight and any misclassification was very small. For some other variables, the misclassification may have been greater, but it seems reasonable to assume that the misclassifications in general were not related to gender and mortality (nondifferential misclassification). The probable effect would be some remaining confounding effects from these variables. Although this study comprised almost 4,000 patients, the number of deaths among women was small in some of the analyses. Thus, the size of the study was not large enough to exclude the presence of prognostic differences in small subgroups such as in women with severely impaired left ventricular function. Neither was it possible to evaluate the potential effect of changes in surgical technique on the association between gender and mortality.
Body size of importance for early mortality. Our results indicate that small persons rather than women per se are at an increased risk of early mortality when undergoing CABG. This increased risk is in agreement with the previous findings by O'Connor et al. (10) and by the Coronary Artery Surgery Study (17) . Our findings also are in accordance with analyses of patients operated on at the Cleveland Clinics, demonstrating that body surface area was the strongest predictor of operative risk (11) .
The diameter of the epicardial arteries is proportional to cardiac mass, and patients who die shortly after CABG have been shown to have smaller hearts than those who die later (18) . The mean cross-sectional areas of proximal coronary artery segments obtained at necropsies of women are significantly smaller than the corresponding vessel segments in men (19) . It seems likely that the increased early mortality after CABG among persons of smaller physical size is due, at least in part, to technical operative factors. The small size of the coronary arteries makes suturing of the distal anastomoses more demanding, particularly if the vessel wall is thin and the lumen collapses. Small lumen size, as estimated with probes during operations, correlates to poor early and late patency rates of vein grafts (20) . Tyras et al. (21) pointed out that women receive fewer grafts and have lower patency rates than men. They assumed that these findings may be explained by the smaller coronary arteries in women. Weintraub et al. (7) concluded that it is essential to identify women who will benefit from CABG. Some groups of women may not run a greater risk of early mortality, but because of the expected excess risk in women, they may be less likely to be referred for CABG. Our results indicate that women with a body surface area of at least 1.7 m 2 do not run a greater risk of early mortality than men of similar size. The increased risk of early mortality among small subjects should be considered when patients are referred to surgery, irrespective of gender. However, in absolute terms the mortality was very low even in this group of patients.
Kahn et al. (4) concluded that women undergoing CABG have more severe disease and are referred later in the stage of the disease process than men. In a review of the published data, women were consistently more symptomatic and had more risk factors, although with less coronary artery disease and better preserved cardiac function, than men (8) . In recent studies, women's coronary artery disease is more advanced and their ventricular function poorer, and there seems to be underreferral for angiography (8) . We found no indication of more severe coronary artery disease in women than in men; in fact, it may have been less. Women had hypertension more frequently and tended to have diabetes mellitus more often, but these factors did not seem to contribute substantially to the increase in early, but not late, mortality.
Small gender differences in late mortality. Our finding of only small gender differences in late mortality among early survivors is consistent with a number of previous studies. Thus, in a few large studies taking major risk factors into account, there were no substantial differences in the long-term survival of men and women after CABG (1, 5, 9, 11, 12) . Rahimtoola et al. (5) concluded that, although early and late mortality were higher in women, the differences were small and could be predicted from the patient characteristics. However, Richardsson and Cyrus (6) found that the 5-year survival and event-free survival rates were lower in women, and recently Carey et al. (2) reported that the 5-to 15-year survival rate was lower in women, possibly due to a higher incidence of diabetes. These results were based on analyses of all patients and not only on the early survivors, and the lower long-term survival rate seen in women was in part due to a higher early mortality. In addition, the estimates of long-term survival in these studies were not adjusted for age and other factors of importance for prognosis.
Although there seem to be only small differences overall in late mortality after CABG between men and women, there may be greater differences in subgroups of patients. We observed a possibly increased late mortality in women with left ventricular dysfunction, which is in agreement with analyses by Rahimtoola et al. (5) .
Conclusions. Our results indicate that the higher early mortality in women versus men after isolated CABG is largely explained by differences in age and body size. The mortality among early survivors appears to be similar in men and women over a 5-year period. These results imply that age and body size rather than gender should be considered when deciding on CABG.
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